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Th is  p r e s e n t a t i o n  descr ibes  t h e  o b j e c t i v e s  and i n i t i a l  r e s u l t s  of  a Thermal 
B a r r i e r  Coat ing  (TBC) L i f e  P r e d i c t i o n  Model Development Program. 
t lh is  program, which i s  sponsored i n  p a r t  by NASA under t h e  HOST (Hot Sec t i on  
Technology) Program, a r e  t o :  

The goa ls  of  

o I d e n t i f y  and understand TBC f a i l u r e  modes 

o Generate q u a n t i t a t i v e  TBC l i f e  data 

o Develop and v e r i f y  a TBC l i f e  p r e d i c t i o n  model 

The c o a t i n g  be ing  s t u d i e d  on t h i s  program i s  a two l a y e r  thermal b a r r i e r  system 
i n c o r p o r a t i n g  a nominal t e n  m i l  o u t e r  l a y e r  o f  seven p e r c e n t  y t t r i a  p a r t i a l l y  
s t a b i l i z e d  z i r c o n i a  plasma deposf ted  ove r  an i n n e r  l a y e r  o f  h i g h l y  o x i d a t i o n  
r e s i s t a n t  low pressure  plasma sprayed NiCoCrAlY bond coa t ing .  
c u r r e n t l y  i s  i n  f l i g h t  s e r v i c e  on t u r b i n e  vane p l a t f o r m s  i n  t h e  JT-9D and 
PW2037 engines and i s  b i l l - o f - m a t e r i a l  on t u r b i n e  vane a i r f o i l s  i n  t h e  advanced 
PW4000 and I A E  V2500 engines. 

Th is  c o a t i n g  

E f f o r t  c u r r e n t l y  i s  i n  progress on t h e  f i r s t  t a s k  o f  t h i s  program, which 
i n v o l v e s  t h e  i d e n t i f i c a t i o n  and unders tand ing  o f  TBC f a i l u r e  modes. 
o f  c o a t i n g  damage were cons idered i n  t h i s  study: 

F i v e  modes 

o Thermomechanical ceramic f a i l u r e  

o O x i d a t i v e  bond 

o Hot c o r r o s i o n  

o Fo re ign  Ob jec t  

o E ros ion  

Pin i n i t i a l  rev iew  o f  
t h e  Dredominant mode 

c o a t  f a i l u r e  

Damage (FOD) 

exper imenta l  and f l i g h t  s e r v i c e  components i n d i c a t e s  t h a t  
o f  TBC f a i l u r e  i n v o l v e s  thermomechanical s p a l l a t i o n  of  t h e  

c:eramic c o a t i n g  l a y e r .  
dominant c rack  i n  t h e  ceramic c o a t i n g  p a r a l l e l  t o  and c l o s e l y  ad jacen t  t o  t h e  
nieta 1 -ceramic i n t e r f  ace. 

Th is  ceramic s p a l l a t i o n  i n v o l v e s  t h e  f o r m a t i o n  of a 

I n i t i a l  r e s u l t s  f rom a l a b o r a t o r y  t e s t  program designed t o  s t u d y  t h e  i n f l u e n c e  
o f  va r ious  " d r i v i n g  f o r c e s "  such as temperature,  thermal c y c l e  f requency, 
environment, c o a t i n g  th ickness ,  e t c .  on ceramic c o a t i n g  s p a l l i n g  l i f e  appears 
t o  c o n f i r m  t h e  hypothes is  i n i t i a l l y  proposed by M i l l e r  (Ref.  1). Th is  hypo- 
t h e s i s  suggests t h a t  bond c o a t  o x i d a t i o n  damage a t  t h e  meta l -ceramic  i n t e r f a c e  
c o n t r i b u t e s  s i g n i f i c a n t l y  t o  therrnornechanical c r a c k i n g  i n  t h e  ceramic l a y e r .  
Low c y c l e  r a t e  furnace t e s t i n g  i n  a i r  and i n  argon c l e a r l y  shows a dramat ic  
i nc rease  of s p a l l i n g  l i f e  i n  t h e  n o n - o x i d i z i n g  environment. A t  lower  
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t empera tures ,  on the o r d e r  o f  20OO0F, e leva ted  temperature  pre-exposure o f  TBC 
specimens i n  a i r  causes  a p ropor t iona te  reduct ion  of  c y c l i c  thermal s p a l l i n g  
l i f e ,  whereas pre-exposure i n  argon does not.  A t  h igher  temperatures ,  on the 
o r d e r  o f  2100°F, i t  appears  t h a t  a d d i t i o n a l  degrada t ion  mode(s) may be opera- 
tive. Future a c t i v i t y  will be devoted t o  confirmin this observa t ion  and t o  
i d e n t i f i c a t i o n  of add i t iona l  TBC degrada t ion  mode(s 4 . . 

Ref. 1 R.A. Miller "An Oxidat ion Model f o r  Thermal B a r r i e r  Coating 
Life", J. Am. Ceramic SOC. - 67 8 517-521 (1984). 

HOST PROGRAM GOALS 

0 I D E N T I F Y  / U N D E R S T A N D  FA1 L U R E  M O D E S  

0 GENERATE Q U A N T I T A T I V E  F A I L U R E  D A T A  

0 DEVELOP A N D  V E R I F Y  L I F E  P R E D I C T I O N  MODEL 

F i g u r e  1 .  

PWA 264 TWO LAYER THERMAL 
BARRIER COATING 

PLASMA DEPOSITED YTTRIA 
P A R T I A L L Y  S T A B I L I Z E D ZIRCONIA 
- CONTROLLED POROSITY, 

M I C R O C R A C K I N G  
I N C O R P O R A T E S  R E S I D U A L  STRESS 
CONTROL 
- C O O L  W O R K P I E C E  D U R I N G  

A P P L I C A T I O N  
LOW P R E S S U R E  C H A M B E R  S P R A Y  
BOND COAT 

- O X I D A T I O N  RESISTANT MCRALY 
COMPOSITION 

. 

Ftgure  2 .  
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ORKTNAL PAGE I S  

OF POOR QUALITY EROSION 

0 21% M G O - Z R O ~  COMBUSTORS 

(20 Y E A R S  EXPERIENCE) 

8-10 m i l s  1-3 m i l s  
20% Y203-Zr02 ZrSiOq 

8-10 m i l s  
6% Y203-Zr02 

Figure  8. 

PREDOMINANT ENGINE FAILURE MODE IS TIMEKYCLE DEPENDENT 

CERAMIC CRACKING NEAR METAL INTERFACE 

Flgure  9 .  
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EFFECTS WHICH M I G H T  CONTRIRIJTE TO EXPOSURE 
C E R A M I C  C R A C K  

HOS 

(T IME/TEMP. /CYCLING)  DEPENDENT 
NG 

0 SUBCRITICAL C R A C K  PROPOGATION 

0 EXPOSURE DEPENDENT CERAMIC STRESS INCREASE 

- P H Y S I C A L  A L T E R A T I O N S  A T  I N T E R F A C E  (MILLER O X I D A T I O N  MODEL) 

- I N T E R F A C E  T H I C K N E S S  ( S C A L E )  GROWTH 

- J N T E R F A C E  TOPOLOGY CHANGFS 

- RESIDUAL STRESS A L T E R A T I O N  (TOWARD COMPRESSION)  

- CERAMIC " D I M E N S I O N A L "  CHANGES E . G ,  S I N T E R I N G  (PROBABLY 
GOES TOWARD T E N S I O N )  

- BOND COAT R E L A X A T I O N  

- SUBSTRATE R E L A X A T I O N / D l M E N S I O N A L  CHANGES 

- REDUCED C E R A M I C  " S T R A I N  TOLERANCE" (MODIJLIIS I N C R E A S E )  

- SINTERING 

- PHASE INSTABILITIES (INCREASED MONCLINIC) 

0 EXPOSURE DEPENDENT CFRAMIC STRENGTH DECREASE 

- PHASE CONTENT /D1  STR I RUT I ON 

- S O L l l T E  D I STR I BUT I ON 

F i g u r e  10. 

PROGRAM APPROACH TASK 1 - ASSFSS PREDOMINAN FA I LURE MECHANISMS 

0 " S T A T I C "  F A I L I J R E  T E S T S  

- A I R  

- ARGON 

0 C L E A N  F U E L  C Y C L I C  BURNER R I G  T E S T S  

- BASELINE C O A T I N G  (10 M I L S )  

- VARY T H I C K N E S S  ( 5 ,  15 M I L S )  

- PRE-EXPOSED SPECIMENS ( A I R ,  ARGON) 

- V A R I O U S  TEMPERATURES, CYCLE RATES,  T R A N S I E N T S  

0 C Y C L I C  HOT CORROSION T E S T S  

0 FRACTIONAL EXPOSURE T E S T S  

0 P H Y S I C A L / M E C H A N I C A L  P R O P E R T I E S  

- BULK C E R A M I C  

- BULK M E T A L L I C  

Figure 1 1 .  
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COATING L I F E  DEPENDENT ON TEMPERATURE , "CYCLIC CONTENT" 
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F i g u r e  12.  
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Figure  13. 
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THERMAL EXPOSURE ATMOSPIIERE EFFECTS CflA I I N G  DUPARI L I T Y  
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Figure 1 4 .  
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A I P  PRE-EXPOSURE DE6P!'DES C Y C L I C  LIFE 
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\ '1 '\o \ 

Pre-Exposure 

Duratfon 0' L { '-' 
I 
I 

b 

Burner r i g  l i f e  of  coat ings  
pre-exposed i n  AIR for approx- 
imately one-half the ant i c ipated  

r i g  hot time 

F i g u r e  16 .  
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"INERT" PRE-EXPOSURE EFFECT, APPEARS TO BE TEMPERATURE DEPENDtNT 

Burner rig llfe of coatlngs 
pre-exposed In ARGON for app- 
roxiniately one-half the anticip- . ated burner r i g  hot life 

Pre-Exposure 
duration 

\ 
\ 

9 
\ 

T l i t s  result currently being 
suhstantlated 

r 

I NTEH FACE TEMPERATURE 

Figure  1 7 .  
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C E R A F l I C  TIIICKTJESS AFFECTS DIIRABI L TY 
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Figure 1 9 .  
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0 P R E D O M I N A N T  F A l L l l R E  MODE; THERMOMECHANICAL C E R A M I C  S P A L L A T I O N  NEAR I N T E R F A C E ,  

0 COAT I NG LIFE DEPENDENT ON TEMPERATURE, "CYCL I C  CONTENT" ,  

- THERMAL T R A N S I E N T  R F Q I J I R E D  TO S P A L L  C O A T I N G  

0 LONG TIME THERMAL EXPOSURE ATMOSPHERF A F F E C T S  C O A T I N G  D U R A B I L I T Y ,  

- I N E R T  E N V I R O N M E N T  L I M I T S  C O A T I N G  D E G R A D A T I O N  
- P R E - T E S T  I N E R T  EXPOSURE E F F E C T  MAY B E  TEMPERATI IRE DEPENDENT 

0 CERAMIC THICKNESS A F F E C T S  DURABILITY, 

- THIN C O A T I N G S  H A V E  I N C R E A S E D  t l F E  

0 SECONDARY FA I L U R E  MODE ; THERMOCHEM I ( AI  ( C Y C L  I C  HOT CORROS I O N ) ,  

- GENERALLY NOT OBSERVED - CORRODENT L E V E L  T H R E S H O L D  L I M I T  E S T A B L I S H E D  I N  LABORATORY 

Figure 20. 
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-~ ISSUES Tfl RE ADDRESSED KEY 

0 CONTINIJED M I C R O A N A L Y T I C A L  INTERPRETATION OF RESULTS. 

0 "PROGRESSIVE" OR "SINGLE EVENT" F A I L U R E  (SUBCRITICAL CRACK PROP..GAT O N ) .  

0 N E A R  I N T E R F A C E  STRESS MODELING Is C R I T I C A L  To UNDERSTANDING A N D  PREDICTION, 

Figure  21. 
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